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逆容量高达 250mAh/g，能量密度达到了 700Wh/g，循环 30 圈后，比容量保持在
220mAh/g；在 10A/g 的大电流下首圈放电容量也有 150mAh/g。作为钠离子电池
正极材料，首圈具有高达 235mAh/g 可逆容量，50mA/g 的电流密度下循环 30 圈
后，比容量保持在 175mAh/g。该材料中，锂离子与钠离子均具有较大的扩散系
数，分别为 1.4×10-10-2.3×10-7cm2/s 和 1.45×10-15-2.83×10-12cm2/s。 
3、研究了多金属氧酸盐（POM）材料的可循环利用性，结果表明在电池中
进行了多次循环之后仍能保持原有的结构，通过简单的水溶法回收电池中使用后
的材料，V 的回收率高达 40%。 
4、通过“一步法”合成了 Keggin 型材料 TBA3PMo12O40，研究其电化学储
锂性能。结果表明，通过将有机配体配位于无机阴离子上得到的材料首圈能够放
出高达 297mAh/g 的比容量，循环性能不理想。考察了 Na3PMo12O40锂离子电池
正极材料的性能，极化较小，有较好循环性能，并且充放电平台保持良好，但是
容量较低，大约只有 6 个 Mo 可逆的充放电。 
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Abstract 
    Since the advent of the lithium-ion battery, the positive electrode materials has 
been very limited a few number of transition metal oxides, such as LiCoO2, LiMn2O4, 
LiFePO4, etc. Development of new high specific capacity cathode materials, has been 
one goal. In this paper, we designed and synthesized new energy storage materials 
based on POMs system cationic host reaction (up-taking/removing mechanism), and 
investigated its electrochemical properties.The following main results were obtained： 
1. Li7[V15O36(CO3)] material was prepared by a “one-pot” reaction. Its structure 
and morphology were characterized by XRD, SEM, TEM, etc. The results showed 
that the particle size of the material is about five or six nanometers and a uniform 
particle size, the structure after removal of the water of crystallization has been no 
change.  
2. Researched its electrochemical performances for the storage of lithium ion and 
sodium ion. As a lithium ion battery cathode material Li7[V15O36(CO3)] showed good 
electrochemical performance. The Li7[V15O36(CO3)] could deliver great reversible 
capacities up to 250 mAh/g with a energy density up to 700Wh/g for the first cycle. It 
also exhibited excellent cyclic capability with capacities of 220 mAh/g maintained 
after 30 cycles at the current density of 50 mA/g; at a high current density of 10A/g, 
the capacity can be up to 150mAh/g. When used as the cathode material for 
sodium-ion batteries, it could deliver great reversible capacities up to 235 mAh/g with 
capacities of 175 mAh/g after 30 cycles at the current density of 50 mA/g. EIS and 
GITT analysis results revealed large diffusion coefficient of lithium ions and sodium 
ions in this material, 1.4×10-10-2.3×10-7cm2/s and 1.45×10-15-2.83×10-12cm2/s, 
respectively. 
3. Finally, the recycle ability of POM material was studied. The results show that 
the material could maintain its original structure after several cycles, so it can be 
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recovery rate of V up to 40%. 
4. By a “one pot” reaction, Keggin-type structure material TBA3PMo12O40 was 
prepared, we studied its application in the electrochemical energy storage. The results 
showed that TBA3PMo12O40 connecting organic ligands to inorganic anions exhibited 
a high initial specific capacity of 297 mAh/g, but a poor cyclic performance. 
Examined the performance of Na3PMo12O40 as lithium-ion battery cathode materials, 
there was a small polarization, a well cycle performance, and a good charge/discharge 
platform, but a lower capacity that only about 6 Mo reversibly charge and discharge. 
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为 5×1012 千瓦时，而目前世界全年的能耗却高达 140×1014 千瓦时，相差 28 倍。
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图1.1 化石燃料带来的环境污染示意图 















20 世纪 60-70 年代，人们提出了锂电池的概念，进行了初步的探索，主要是





















20 世纪 70-80 年代，锂原电池的成功激发了二次电池的研究热潮，“如何使
该电池的反应变得可逆”成为万众瞩目的焦点。1972 年，Exxon 公司设计了一种
以 TiS2 为正极、锂金属为负极、LiClO4/二恶茂烷为电解液的电池体系，能够循
环 1000 次，每次损失都低于 0.05%。这是第一块锂二次电池[15]。80 年代末期，







20 世纪 80-90 年代，Armand 提出的“摇椅式电池”（Rocking Chair Battery，
RCB）概念，令电池设计思路豁然开朗，使得锂电池的发展再一次腾飞，首次有
了锂离子电池的概念[14]。1980 年，Goodenough 等人提出 LiCoO2 作为正极材料，
这种材料的成本低廉、热稳定性高、耐过充性能好等特点，促进了锂离子电池的
高速发展，建立了锂离子电池的雏形[17]。1981 年，贝尔实验室的 B.Samar 提出
采用可插式碳材料为负极，不仅解决了锂枝晶问题，而且降低了工业成本。1990
年，Sony 公司采用 LiCoO2/C 体系成功制造出了世界上第一个商品化的锂离子电
池[18]，这是锂离子电池发展历史上一个重要的里程碑。 
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